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In  this  work  we  present  experimental  evidence  concerning  excitation 
of  higher  harmonics  in  the  presence  of  an  ion  acoustic  wave  instability. 

This  instability  may  be  excited  by  electrons  of  the  plasma  having  a 
shifted  Maxwellian  distribution^  due  to  their  drift  motion. 

We  excite  this  instability  in  a  magnetized  argon  plasma  column.  The 
schematic  diagram  of  the  experimental  set-up  is  shown  in  figure  1.  The 
plasma  is  produced  by  means  of  a  hot-cathode  K  negatively  biased,  while 
grids  Gj  and  are  kept  at  ground  potential.  Some  of  the  plasma  drifts 
into  the  equipotential  volume  between  grids  Gj  and  G^  forming  a  cylindri¬ 
cal  column  2.  2  cm  in  diameter  and  4.  7  cm  long.  The  magnetic  field  is 
kept  constant  at  110G  and  is  used  only  to  confine  the  plasma  and  reduce 
the  losses  to  the  walls.  The  effect  of  the  magnetic  field  on  wave  frequency 
was  very  small  due  to  the  changes  in  the  plasma  column  diameter.  For 

the  production  of  the  plasma  we  use  argon  gas  at  pressures  lu  Hg  *-  p  -  3uHg 

11-3  1  A  i 

Our  operating  conditions  are  "»}u*.tlO  cm  ,  Tc«2eV.  The  measure¬ 
ments  are  performed  by  a  double  probe  D.  P. 

The  ion-acoustic-wavc  instability  is  excited  by  the  drifting  electrons 
in  the  plasma.  The  drift  motion  of  the  electrons  is  caused  by  the  d.  c. 
electric  field,  between  the  cathode  and  the  grids,  that  drives  an  electron 
current  through  the  plasma.  Electron  drift  velocity  is  estimated  to  be 
about  4x10^  cm/sec.  Inside  the  volume  between  grids  G^  and  the 
wave  has  to  fulfill  the  boundary  conditions  imposed  by  grids  G^,  and 
the  cylindrical  boundary  of  the  plasma. 


DOCIMENIATION  PAGE 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


REPORT  DOCIMENIATION  PAGE 

BEFORE  COMPLETING  FORM 

2.  Report  Member  2.  Govt  Accession  So. 

-TR  -74-0694 

3.  Recipient's  Catalog  Number 

/?M>  7?/  Y7^ 

4.  Title  (end  Subtitle) 

MMLXSEAR  BEHAVIOR  OF  ION  WAVES 

• 

5.  Type  of  Report  &  Period  Covered 
Final  Scientific  Report 

1  Jan  -  31  Dec  73 

6.  Performing  Org.  Report  Number 

7.  Author (•) 

Alexander  J.  Anas teas lades 

S.  Contract  or  Grant  Number 
F44620-73-C-0039 

9.  Performing  Organization  Name  and  Address 
Unclear  Research  Center  "Demokritos" 

Dept  of  Physics 

Aghia  Faraakevi  -  Attikla 

Athena,  Greece 

10.  Program  Element,  Project,  Task 
Area  &  Work  Unit  Numbers 

61102F 

9752-01-08 

11.  Controlling  Office  Name  and  Address 

Air  Force  Office  of  Scientific  Research  (NPP) 
1400  Wilson  Blvd 

Arlington,  VA  22209 

12.  Report  Date 

15  Feb  74  ‘ 

13.  Number  of  Pages 

13 

14.  Monitoring  Agency  Name  and  Address 

j  * 

_  - - - - 

15. 

1 

14*  &  17.  Distribution  Statement 

Approved  for  public  release;  distribution  unlimited. 

1».  Supplementary  Notes 

19.  Kay  Words  Ion  acoustic  wave  instability,  Electron  drift  velocity. 

Ion-neutron  collision  frequency.  Harmonic  generation. 

Cylindrical  plasma,  Argon  plasma 

1 _ _ _ 

t20.  Abstract  This  effort  presents  experimental  evidence  of  the  excitation  of 
lgher  harmonics  in  the  presence  of  an  ion-acoustic  wave  stability.  This  ins  tabil- 
ity  was  excited  in  an  argon  plasma  column  which  was  produced  in  a  magnetic  field 
of  110  Gauss.  The  pressure  of  the  plasma  was  between  l^Hg  and  3^>niig  with  an 
ion  density  of  lO^cm"^  and  an  electron  temperature  of  *2  eV.  The  ion  acoustic  wave 
is  excited  by  the  drifting  electrons  in  the  plasma.  The  drift  motion  is  the  result 
of  the  D.C.  electric  field  between  the  cathode  and  two  grids  which  are  kept  at 
ground  potential.  The  electron  drift  velocity  was  estimated  to  be  4  x  10°cm/sec. 

The  low  frequency  oscillations  were  detected  by  a  langmuir  probe  and  analyzed  by  a 
panoramic  spectrum  analyzer.  With  cathode  potential  of  lOOv  and  160v  anode  currents 
sere  1.0  and  1.6A  respectively.  At  200v  the  anode  current  was  1.8A. 


* 
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The  low  frequency  oscillations  are  detected  by  a  Langmuir 
probe  L.  P.  and  they  are  analyzed  by  a  panoramic  spectrum 
analyzer. 

Under  certain  discharge  conditions,  the  ion -acoustic-wave 
instability  becomes  very  strong  and  a  number  of  modes  are 
excited  in  the  cylindrical  plasma  section.  Figure  2(a)  s, shows 
two  typical  photographs  of  our  wave  with  weak  2(a^)  and  strong 
2(a^)  harmonic  generation,  under  discharge  conditions  of  a 
cathode  potential  of  100V  and  160V  and  an  anode  current  of  1A  and 
1.  6A,  respectively.  By  varying  the  driving  current  we  can  vary 
the  amplitude  of  our  wave  and  through  this  the  weaker  or  stronger 
generation  of  the  harmonics.  So  we  have  found  that  there  is  a 
critical  value  in  the  amplitude  of  our  fundamental  in  the  vicinity 
of  which  the  amplitude  of  the  harmonics  increases  very  rapidly 
becoming  comparable  to  the  amplitude  of  the  fundamental.  Figure 
2(b)  shows  a  typical  spectrum  of  such  a  case^analyzed  by  the  spectrum 
analyzer,  for  discharge  conditions  of  a  cathode  potential  of  200V  and 
an  anode  current  of  1.  8A. 

By  measuring  with  the  Langmuir  probe  L,  P.  proper  biased 

Sn 

the  d.  c.  and  a.  c.  currents,  we  can  find  the  /*■—  )  of  the  r-  . 

'  n  m  ^>1ni 

fundamental  (m  -  1)  and  the  harmonics  (m-2,  3, .  .  .  ),  taking  ( — )  =/  — - ). 

v  c  '  '  n  m  '  i , 

dc 


Making  the  assumption  Ti  =  T  uji-aj8W  300°K?at  the  operating 

pressures  we  have  for  the  collision  frequencies  the  following  values: 

The  ion-neutral  collision  frequency^  is  4  x  lO^scc  *  —  Vl  .  —  1.  2xl0^sec  *, 

in 


In  figure  3  we  have  a  plotting  of  (  — )  for  m  =  2,  3  and  4.  vers 
g  '  n  m 

( - .  We  can  sec  that  the  critical  value  is  something  between 

„6  °-9- 
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and  the  electron-neutral  collision  frequency^  is  3.  0?;<l0^sec  *  —  V 

.  6-1 
—  9.06x10  sec  . 

Under  our  operating  conditions  the  electron  drift  velocity  is 
large  enough  to  overcome  the  collisional  damping  due  to  ion- 
neutral  collisions,  as  well  as  the  Landau  damping  which  is 

negligible  for  T.«T  .  Actually  the  imaginary  part  of  the  wave- 

1  6  /4) 

number  it  given  by  the  formula'  : 

k,  »fe  ♦  ^  l^)W*'rSfrMS)V  Si 


kj.T  1/2  5 

where  u  =  ( - )  =2.2x10 - is  the  ion-sound  velocity 

s  '  m.  sec  ’ 


in  •  i 

.  Under  our  experimental  conditions  electron  neutral  collisions  do 

not  prevent  the  trapping  of  the  electrons  in  the  ion-acoustic  wave 

c  •  */? 

completely,  since  CjO^ 

s„ 


1  B  e 


^  — ~ — ~  for  —  -  0.0l<5>  Under  these  conditions 


en 


n 


one  might  expect  that  the  instability  would  saturate  when  electrons 
were  trapped  by  the  ion-acoustic  wave,  and  the  distribution  function 
was  flattened  over  the  region  where  the  electrons  were  trapped^. 
This  saturation  level  is  low  enough  and  has  been  observed  to  be  of 


S-2*0.1<7). 


the  order  of  —  #0.  1'  But  in  our  case  this  never  happens  and 
n 

the  electron  distribution  function  docs  not  flatten,  so  our  wave 
continuously  absorbs  energy  from  the  electrons  and  we  have  strong 
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excitation  of  the  ion-acoustic  instability  inside  the  cylindrical 
plasma  section  between  grids  G.  and  G  up  to  a  level  of  Sn/ntiO.  9. 

The  reason  for  this  is  due  to  the  fact  that  in  our  case  v/e  have  a 
standing  wave.  The  component  of  the  standing  wa  propagating 
in  the  direction  from  Gj  to  interacts  strongly  with  the  streaming 
electrons  and  absorbs  energy  from  them,  while  the  other  component 
propagating  in  the  opposite  direction  gives  less  energy  to  the  electrons 
such  that  the  net  balance  is  absorption  of  energy.  On  the  other  hand 
the  streaming  electrons  interacting  with  the  component  of  the 
standing  wave  propagating  in  the  direction  to  terminate  their 
interaction  with  the  wave  on  the  grid  G ^  leaving  the  system  before 
are  completely  trapped  by  the  wave,  while  the  latter  is  reflected 
back  on  and  after  a  second  reflection  on  interacts  again  with 
new  electrons  entering  into  the  system  through  the  grid  Gj  and  so  civ. 
The  most  interesting  part  of  the  experiment  is  the  above  mentioned 

strong  excitation  of  the  ion-acoustic  wave  instability.  Because  of 

\ 

the  strong  excitation  our  initial  wave  steepens  and  breaks  and  strong 
harmonic  generation  occurs  due  to  the  mechanism  of  wave -wave 
interaction.  This  point  has  been  considered  in  a  recent  work  by 
Dawson  et  al^.  They  have  showed  that  for  perturbations,  such 

824 

that  sifk*  jl  )  =  3.  o5xl0  ,  propagating  in  a  collisionlcss  cold- 
ion  plasma  strong  harmonic  generation  occurs.  They  have  also 


-  o  - 
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showed  that  when  -^-✓”0.  5  ion  trapping  takes  place.  Thus,  we 
have  excitation  o£  sideband  waves  due  to  the  oscillations  of  the 


ions  in  the  potential  trough  of  the  large  amplitude  ion-acoustic 
wave.  Since  now  U-J  then  for 


|  ~)ci0.  9  we  have  CO^.  =  0*  95b),  which  means  that  for  very 
strong  excitation  of  the  fundamental  the  sideband  waves  must  be 
very  close  to  the  harmonics.  This  effect  gives  an  explanation  to 
the  abrupt  rising  of  the  harmonics  as  8n/n  approaches  unity  since 
the  bounce  frequency  approaches  the  fundamental  and  the  side  band 
frequencies  coincide  with  the  favored  eigen  frequencies  of  the 
cylindrical  plasma  section. 


This  work  was  presented  by  Mr.  N.  Karatsas  at  APS  Meeting 
(Plasma  Physics  Division)  held  in  Philadelphia,  USA 
31  October-3  November  I973). 
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Figure  1 


Experimental  arrangement 


Figure  2(a) 


Figure  3 


Typical  photographs  of  our  wave  with  weak 
harmonic  generation  (Za^)  and  strong  harmonic 
generation  (2a,). 

Typical  spectrum  with  very  strong  harmonic 
generation. 

8n 

The  amplitude  of  the  harmonics  ( - ) 

r  v  n  m 

(m  =  2,  3,  4)  versus  the  amplitude  of  the  fundamental 
l  n  h' 
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Microwave  Generated  Plasm-  /Modified  Q- Machine) 

. v* . 

A  microwave  generated  plasma  has  been  developed  and  set  into 
operation  very  recu.it! y. 

The  plasma  is  generated  by  a  microw.iv-  general  or  operating 

at  2.  4  GHr.  and  maximum  po"  *  -r  output  120  watts.  The  plasma  is 

confined  by  a  higlily  stabilised  magnetic  field  set  properly  so  th.it 

the  electron  cylotron  frequency  to  be  on/or  near  the  microwave 

generator  frequency.  The  coupling  of  the  microwav  power  with  the 

plasma  is  performed  through  a  coil  or  a  coaxial  line  according  to  the 

experimental  requirements.  The  .uliievcd  coupling  reaches  ()0%. 

As  working  gases  we  have  used  Argon  or  Helium  and  the  achieved 

11  3 

plasma  densities  art:  about  10  particlcs/cm  ,  while  electron  tempe¬ 
ratures  of  a  few  etf  have  been  measured.  The  length  of  the  plasma 
column  is  about  130  cni  and  the  density  is  quite  uniform  over  a  cross- 
sectional  area  of  3  cm  in  diameter. 

The  plasma  seems  to  be  quiet  c /p':  '  --»•  £V, 1  •  •  -■■:r  X'i"'"  Zh'Cb".' f) 

with  the  exception  of  some  low  frequency  waves  observed  near  the  ion 

cyclotron  harmonics  under  certain  controlled  conditions. 

-5 

The  operating  pressures  are  about  10  Torr  and  the  ion-neutral 

and  electron-neutral  collisions  are  of  the  order  of  V  .  Si  40  sec  *  and 

4  -1  in 

p  n&3xl0  sec  respectively.  The  machine  is  particularly  useful 

for  the  study  of  non-linear  phenomena  connected  with  ion-waves  which 

consists  the  main  activity  of  our  laboratory. 


